Summary.-The repeated intratracheal instillation of cigarette smoke condensate (SWS) in rats at close to maximum tolerated dose levels failed to induce squamous neoplasms in the lungs although such treatment was associated with an increased incidence of cuboidal/columnar metaplasia (CCM) and squamous metaplasia (Sq.M) of alveolar epithelium.
Summary.-The repeated intratracheal instillation of cigarette smoke condensate (SWS) in rats at close to maximum tolerated dose levels failed to induce squamous neoplasms in the lungs although such treatment was associated with an increased incidence of cuboidal/columnar metaplasia (CCM) and squamous metaplasia (Sq.M) of alveolar epithelium.
With one exception, various fractions of SWS had no effect on lung tumour incidence though some were more effective than SWS in increasing the incidence of CCM and Sq.M.
The exceptional fraction, Fraction P, which contains most of the polycyclic aromatic hydrocarbons of smoke and is the most effective of the fractions tested in producing tumours in mouse skin, gave rise to 4 squamous tumours of doubtful malignancy and one metastasizing squamous carcinoma among 3 groups of 18 animals exposed at 3 different dose levels.
The results are discussed in relation to the possible development of a method for comparing condensates for relative lung carcinogenicity.
THIS IS one of four papers (Davis et al. (1975a, b, c) describing the effects on rat lung of various endotracheally administered materials and of inhaled tobacco smoke. The present paper concerns the effects of cigarette smoke condensate and of 6 different fractions derived from it administered by intratracheal instillation in infusine. Although studies by Shabad (1962) and Pylev (1963) had suggested that lung tumour production is increased by the inclusion of particulate matter in the instillate, the more recent experiments by Schreiber, Nettesheim and Martin (1972) and Davis et al. (1975b) have shown that tumours are readily inducible in the absence of particulate matter and other experiments of our own (unpublished) have shown that the presence of particulate matter such as carbon black may obscure differences in response to the materials being compared.
MATERIALS AND METHODS
Rats.-A total of 750 female non-inbred Wistar specified pathogen-free (SPF) rats were allocated by a non-selective process into 41 groups as shown in Table I . They ranged from 10 to 26 weeks old at the time treatment was started. Details of diet, caging and periodic treatment with tetracycline to counter nonspecific respiratory disease are given in a parallel paper (Davis et al., 1975b The average number of puffs required to reach these butt lengths were: T29, 10U8 puffs, T44, 11-3 puffs.
Smoke was collected in a glass trap cooled by immersion in acetone and crushed solid carbon dioxide (see Davies and Day, 1969) . It was stored at -29°C until used. A condensate prepared in this way is referred to as " stale whole-smoke condensate " (SWS) and is sufficiently fluid when heated to blood temperature to enable it to be drawn into a micrometer syringe for intratracheal instillation.
Preparation of fractions of SWS.-The fractions of whole smoke condensate used in these experiments were the polycyclic aromatic hydrocarbon (PArR) rich materials separated by the application of procedures designed to concentrate them. The fractionation schemes are described in detail by Day (1967) , , Whitehead and Rothwell (1969) and Davis et al. (1975a) . The fractions were: Neutral (NF -30% w/w SWS); G (25% SWS); L(G) (7.6%); L (4.6%); (R + P)G (3.2%) and P(SG) (2.3%).
Duration of treatment.-In the case of 10 groups (Groups 1-9 and 34), treatment was limited to 18 once-fortnightly instillations. In all other cases, once-fortnightly instillations were continued throughout life. The technique of intratracheal instillation, details of observations made during experiments, post-mortem procedure, microscopic examination of tissues and statistical methods are described by Davis et al. (1975b) .
RESULTS
The essential design of the studies is depicted in Table I were left untreated. Table I shows both the actual doses of condensate fractions given each fortnight and the equivalent doses of SWS.
Survival Table I summarizes the results in respect of survival. There is a clear trend, irrespective of the identity of the test material, for survival time to be inversely related to dose, the lowest dose having little effect. However, some of the test materials were more toxic than others. Thus, 43 mg SWS given fortnightly proved more toxic than 42 mg Fraction R + P, 44 mg Fraction G, or 48 mg Fraction R + P(G).
In general, treatments that markedly shortened survival also adversely affected body weight. Other treatments had little or no effect on body weight.
Effect of treatment on mean grade of chronic respiratory disease (CRD) With one exception, observed mean CRD grades were less than expected in the 8 control groups. In 3 of these groups the difference was significant (2 at the P < 0-001 level and 1 at P < 0.05). In groups where treatment stopped after 18 fortnightly instillations, the mean CRD grade also tended to be less than expected (e.g. Groups [1] [2] [3] [4] [5] [6] [7] Table II for details). CCM and Sq.M in rats exposed to SWS or fractions are illustrated in Fig. 1 inhalation is associated with the accumulation in the lungs of macrophages laden with Golden-brown pigment (GBM) (Davis et al., 1.975b) , it was of interest to see whether the same change occurred in association with the intratracheal instillation of smoke condensate or fractions derived from it. Accordingly, slides from a few animals of the present experiment were re-examined. Some showed foci of GBM and some did not. In no case were GBM lesions as prominient as in the smoke-exposed rats studied by Davis et al.
(1 975c) However, as in those animals, GBi1 tended to be associated with areas of alveolar metaplasia, either CCM (Fig. 1) or Sq.M.
Incidence of extrapulmonary neopla8smns
Observed and expected incidences of extrapulmonary neoplasms were calculated as described in Davis et al. (1975b) . No differences attributable to treatment were seen.
DISCUSSION
Although there is a tendency for all 3 measures of effect (CRD, CCM and Sq.M) to increase with dose, a glance at the results as a whole as shown in Table II suggests that some fractions disproportionately affect CCM and/or Sq.M without having a comparable effect on CRD. This is true for fractions L, P(G), R(G) + P(SG) and G.
With the exception of Fraction P(SG) from T44 cigarettes, none ofthe treatments given produced lung tumours of the kinds seen in animals given repeated intratracheal instillations of 3,4-benzpyrene (see Davis et al., 1975b The fact that no lung tumours arose in response to repeated intratracheal instillation of SWS at close to maximum tolerated doses provided no encouragement for the view that it might be possible to compare condensates derived from different tobaccos for carcinogenicity by the intratracheal intillation method in rats. However, the comparison of fractions seems still to remain a feasible proposition.
The failure to produce squamous neoplasms by fractions other than fraction P(SG) may well be due to the relative infrequency of treatments given in these experiments, particularly when the efficiency of the clearance mechanisms for foreign material from the lungs is considered. Recent experiments have shown that it is possible to treat rats with up to 24 mg/dose (equivalent 833 mg SWS) of Fraction (R + P)G as frequently as 3 times a week over several months without any large loss due to toxicity.
In an earlier paper in the series, Davis et al. (1975b) compared the response of rats to the repeated intratracheal instillation of BP in infusine alone and BP in infusine and carbon black. In terms of tumour incidence, the addition of carbon black was without obvious effect although previous studies by Shabad and his colleagues (Shabad, 1962; Pylev, 1963) suggested that it would boost tumour development. In a parallel study in which we gave 378 rats smoke condensate or fractions of it in I + CB rather than in I, we found no more squamous neoplasms (about 3%) than in 36 rats given I + CB only. However, the presence in the lung of large numbers of carbon black particles rendered the histopathological assessment of lung changes difficult. We conclude that the addition of CB offers no advantage in the comparisons of materials administered by the endotracheal route.
More detailed tabulations of the results described in this paper can be obtained on request from P. N. Lee.
